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ABSTRACT 
Internal combustion engines (ICE), as a consequence of new pollutant emissions standards, need 
several emission control strategies (and related procedures) such as Exhaust Gases Recirculation 
(EGR), Diesel/Gasoline Particulate Filter (DPF/GPF), Selective Catalyst Reduction (SCR) that 
allow them to comply with complete requirements defined on those standards. These strategies 
provoke faster degradation of the engine oil and one of the most relevant consequences is an 
increase in soot contamination level. All of these strategies facilitate the soot generation. 
Consequently, soot is one of the most important contaminants present in the engine oil and its 
relevance is still increasing. The main and classic technique to measure the content of soot in oil 
is Thermogravimetric analysis (TGA), but this technique has certain limitations. TGA needs a long 
specific procedure and has limitations to measure small concentration of soot in oil. Therefore, the 
design of an alternative technique to quantifying the soot in oil concentration is acquiring 
relevance. One alternative can be the Fourier-transform infra-red (FTIR) spectroscopy, but it also 
has limitations related to small concentrations of soot in oil. This work presents an alternative 




small soot contents in used engine oil samples and avoiding potential interferences from other 
typical contaminants or related with the own measurement process such as sample cuvette 
material. 
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INTRODUCTION 
Currently, engine oil suffers several adverse effects due to emission control strategies (1-6) and 
Diesel Particulate Filter (DPF) regeneration processes (7-10). In fact, new standards and 
regulations that define the amount of pollution that engines can exhaust into the atmosphere are 
more and more restrictive each year and the limits are lower (11-13). Consequently, internal 
combustion engines require more of these processes to be able to fulfil the mentioned standards. 
As a result, engine oil suffers damages such as faster thermal oxidation and/or nitration (14-17), 
combustion by-products contamination (unburned hydrocarbons (UHC) and soot) and fuel dilution 
(18, 19). Specifically, one of these combustion by-products is soot (20, 21). Soot in engine oil is 
an important contaminant because it changes its tribological performance. Mainly soot in engine 
oil leads to the following problems: it increases the engine oil kinematic viscosity (KV) (22) and 
increases engine wear attending that soot is an abrasive compound (23, 24). The global trend is 
that new engines are going to keep needing these strategies for pollutant emissions reduction and 
consequently the soot amount dissolved in engine oil will be an important factor to control. 
Accurate quantification of soot in engine oil is thus of great interest. The main soot in oil 
quantification technique is TGA (thermogravimetric analysis or thermal gravimetric analysis) 




Nonetheless, TGA analysis needs a specific procedure to determine the soot in oil concentration. 
As an alternative, the spectroscopy techniques have the advantage of being easier to use in the 
laboratory to develop engine oil analytical tasks. 
Fourier-transform infra-red (FTIR) spectroscopy allows quantification of the soot in oil content 
and other engine oil contaminants and degradation patterns (27-29). However, focusing on the soot 
in oil quantification, the FTIR spectroscopy is not able to detect small variations of soot 
concentration in a reliable way. The reason for that is the complexity of the engine oil FTIR 
spectra, in several regions of the IR spectral window some absorption bands of different 
contributions appear and consequently, in the typical region where  soot content is measured 
(ranging from 2000 cm-1 or 5000 nm) (30) other bands can interfere and generate errors in the 
procedure for quantifying the soot concentration. For that reason, FTIR needs a complementary 
technique that lead to obtain quantifications in those conditions of change and without 
interferences (31). 
According to the previous requirements, the Ultraviolet-Visible (UV-Vis) spectroscopy would be 
an interesting alternative (32). In general, for quantifying any analyte in a sample, UV-Vis 
spectroscopy is the most efficient technique being also very sensitive to slight changes in the 
concentration of the analyte (33, 34). Besides, if it works according to the Lambert-Beer 
conditions, it will be able to obtain easily a good correlation between the signal and the real 
concentration of the analyte. 
Compared to FTIR spectroscopy, UV-Vis works similarly but with more intensive excitation 
radiation provides advantages for detecting and quantifying a specific analyte better than FTIR. 




to generate a specific correlation between the signal response of the analysed sample and the 
amount of soot that contains. 
OBJECTIVES 
The main objectives of this study are presented below: 
 Validation of the UV-Vis spectroscopy approach for accurate measurement of small soot 
in oil concentrations (<0.500% w/w). 
 To establish the best spectral region in the UV-Vis spectrum for soot in oil quantification. 
Target will be to decide which is the spectral region where the signal is correlated uniquely 
with soot content without interference of other substances or contaminants. 
 Analysis of real samples, previously characterized by FTIR, to check the accuracy of the 
UV-Vis spectroscopy against a very useful and developed technique such as the FTIR. 
 To verify the applicability of the UV-Vis technique to quantify small soot in oil 
concentrations, real samples with very low periods of use will be analysed. 
METHODOLOGY AND MATERIALS 
Main characteristics of UV-Vis spectrophotometer 
The UV-Vis spectrophotometer and the cuvettes employed for measuring the engine oil samples 
are presented in Table 1. 
[Table 1 here] 
Using double-beam spectrophotometer it is possible to analyse and meausre simultaneously the 





The methodology of this study has been focused on the measurement of different types of samples 
to achieve different goals: 
 First of all, it is necessary to define the best conditions to prepare the samples to obtain 
good signal responses. In general, the UV-Vis works with diluted samples. Consequently, 
two parameters are needed to take into consideration: solvent type and the concentration 
(dilution ratio) of the sample. 
 After that, different fresh engine oil will be analysed and contaminated with typical 
external agents (contaminants) that can appear in real engine oil such as: soot, water, engine 
coolant or fuel. Therefore, the UV-Vis spectrum of each of them (engine oil and 
contaminants) can be obtained and consecutively obtain the distribution of its absorption 
bands. In this way, it will be possible to differentiate those UV-Vis regions that are not 
useful for soot quantification as a consequence of interference. 
 Next, soot in oil standards will be measured to obtain an empirical correlation of UV-Vis 
signal-soot in oil concentration. In this part, it is necessary to work in Lambert-Beer law 
conditions to avoid non-linear responses. 
 The following step will be to measure real samples with soot content previously measured 
by FTIR spectroscopy. 
 Finally, the application of UV-Vis spectroscopy as technique to quantify small 
concentrations of soot in oil. 
Standards and engine oil samples 
Soot in oil standards are provided by LGC (a division of the LGC Group). Those soot in oil 




86-4) as soot. The standards were prepared to the nominal concentration using gravimetric 
methods. The certified concentration was determined by Thermal Gravimetric Analysis (TGA) 
according to ASTM D5967 appendix A4. Six different standards have been used: 0.0% (Blank 
Oil), 1.2%, 3.1%, 5.1%, 7.6% and 10.1% (± 1% certified concentration by VHG Labs, part of LGC 
Standards). 
Bearing in mind that one of the major goals is to detect small concentrations of soot in oil, the 
previous standards offer an overly high soot amount (by mass). Therefore, each standard was 
diluted with blank standard (Blank Oil, 0.000 % w/w) to reduce the soot concentration following 
the expression 1: 
𝑆𝑜𝑜𝑡 𝑐𝑜𝑛𝑐.   % 𝑤/𝑤  
 .  % /  
 
    ( 1 )  
 
Another set of real oil samples were obtained from compression-ignition (CI), direct injection (DI) 
heavy-duty engine, with a displaced volume of 9 litres and 5 in-line cylinders. Furthermore, that 
engine possesses a common-rail injection system and turbocharged/intercooler water loop system. 
In this set, the soot content was measured by FTIR according to ASTM D7844. Selected real used 
engine oil samples are presented in Table 2. With the aim to check the response of the UV-Vis 
spectroscopy, each of the samples presented in Table 2 was diluted with its corresponding fresh 
engine oil. The last sets of samples are measured by UV-Vis spectrophotometer and were 
contrasted against the results of FTIR. Next, Table 2 presents all samples prepared for this study: 
standards and real engine oil samples. 





Finally, another set of samples was selected to complete the study. This new set comprises six 
different samples obtained from a compression-ignition (CI), direct injection (DI) medium-duty 
diesel engine, with a displaced volume of 3 litres and 4 cylinders inline equipped with a common-
rail injection system and a turbocharged/intercooler air loop system. This engine was mounted on 
a test bench and worked in a stationary point (55% load, 2400 rpm) for 4 hours. Engine oil was 
sampled at different time intervals, but this low use period hampered the soot in oil quantification 
by common procedures. Figure 1 shows samples pictures and the period of use of the different 
samples obtained from the engine. 
[Figure 1 here] 
As can be observed in Figure 1, soot content can be related with sample colour ranging from clear 
appearance for 0 minutes usage (fresh oil) to quite dark after 240 minutes of usage, but in all cases, 
soot content is quite low considering the short period of usage. 
Methodology 
Considering the variety of engine oil samples, the preparation of the samples to be measured by 
UV-Vis can be probably the most important step. To prepare the samples it was necessary to 
determine several aspects: dilution ratio, solvent and the cuvette material. 
Last parameter is the easiest one to select considering that our target is to maximise the UV-Vis 
spectrum without signals of the absorbance from the cuvette material. The cuvette selected was 
Spectrosil ® Far UV Quartz windows with 10 mm of path length. The useful spectrum range of 
this cuvette range from 170 nm to 2700 nm. 
After that, the other two parameters are more difficult to determine. According to the 




Kerosene can dissolve all the samples and also allows to clean the cuvette easily. But selecting the 
correct dilution ratio is more difficult than the solvent. Figure 2 presents two different dilution 
ratios for the same sample (fresh Mid Saps 5W30 engine oil) prepared using micropipettes to take 
the specific volume accurately, first the engine oil volume and next the kerosene’s volume (without 
doing consecutive dilutions to avoid making unnecessary experimental errors), to obtain the 
dilution ratio. 
[Figure 2 near here] 
According to the shape of the UV-Vis spectra, the red line (the most diluted sample) allows 
working without detector starvation (it means that the transmission is reaching a very low value, 
and as a result, the signal generated by the detector becomes practically constant). For the most 
concentrated sample (blue line) the appearance of tricks bands and noise can be observed. In that 
case, the analysed sample saturates the sensor and possibly leading to incorrect conclusions. 
Therefore, in the diluted sample (red line), the spectra show to be free of artifices demonstrating 
that higher dilution ratios are the most efficient way to measure by UV-Vis spectrophotometer. 
However, this performance gives rise to the idea that could be possible to prepare samples with a 
higher dilution ratio, and therefore the analysis by UV-Vis spectroscopy would benefit. However, 
great care must be taken because the progressive reduction of the sample’s amount lead to an 
exhaustive protocol to prepare it. And consequently, working with smaller sample volumes 
increase the complexity to prepare them, taking care of avoiding mistakes during the preparation. 
Finally, a balance must be considered: on one hand, the dilution ratio employed in this study allows 




into account, that it is only needed to employ two different micropipettes: one for taking the sample 
volume and another one for taking the kerosene volume, both of them with a single volume shot. 
RESULTS 
Localization of the most useful spectrum zone 
The goal of this part of the study is the localization of the different components and contaminants 
that could affect the engine oil: soot, fuel, water and ethylene glycol (ETG) from the engine 
coolant. Not all of the above compounds are liquids, soot is a solid element and, in the defined 
conditions in section Methodology, do not possess absorption bands. In that case, the soot just 
impedes the passage of the UV-Vis radiation through the sample. That way, the absorbance of the 
sample is intense and it generates an increase of the spectra background. 
[Figure 3 near here] 
As it can be seen in Figure 3, engine oil, fuel, ETG and water generate absorption bands in the UV 
region (190-400 nm) and at Vis (visible) and NIR (near infra-red) region (from 600 nm to 1000 
nm) do not possess any band. However, the last region (from 1000 nm to 1400 nm) will not be 
used because sometimes absorption bands generated by the cuvette material could appear and 
consequently affect the measurement. 
According to the different performance of the compounds when irradiated with UV-Vis radiation, 
the first band (from 190 nm to 400 nm) is not useful for soot quantifying because in those 
wavelengths appear the absorption bands of the different elements mentioned above. In a 
preliminary approximation, inside the spectral window of 700 nm to 900 nm, it is possible to 




the relation between the soot amount and the absorbance in this selected region (from 700 nm to 
900 nm). 
Soot in oil standards 
In the section ‘Standards and engine samples’ it was mentioned that the commercial standards 
should be diluted (see Table 2) to measure them in UV-Vis spectrophotometer. In Figure 4, it is 
possible to appreciate the results of some standards prepared by dilution with kerosene at 1/135 
dilution ratio. 
[Figure 4 near here] 
The standards provided by LGC Standards possess soot levels which are too high. So high that the 
Std_3.100 (3.1% w/w) is able to absorb all the UV-Vis radiation. Therefore, if it is needed to 
quantify accurately soot in oil content, it would be necessary to dilute each of them with the Blank 
oil standard employing several dilution factors (as indicated in Table 2). 
Performing this procedure and preparing the samples with the correct dilution ratio, the UV-Vis 
spectres are represented in Figure 5: 
[Figure 5 here] 
In this group of diluted samples is included the original soot in oil standard of 1.2% w/w 
(Std_1.200) because it does not surpass the limit of 3.1% w/w. In this figure, attending the number 
of spectres depicted, it is not clear how to detect a correlation between the absorbance and the soot 
content. Accordingly, for a clearer observation of the measurement of samples with increasing 
soot in oil amounts, the response of the UV-Vis spectrophotometer is presented in Figure 6. 




Std_0.050 (0.050% w/w), Std_0.100 (0.100% w/w), Std_0.150 (0.150% w/w) and Std_0.200 
(0.200% w/w), in none of them occurs a starvation of the spectrophotometer detector and the 
absorbance of the standards (in 700 nm to 900 nm) is below 1 absorbance unit (a.u.). 
[Figure 6 here] 
This figure allows extracting a correlation between the soot in oil concentration and standards’s 
absorbance at 800 nm (in the middle of the selected spectral window, 700 - 900 nm). The accuracy 
of the correlation is very good according to the value of its coefficient of determination (R2) 
obtained: 0.99799 (see Figure 7). 
The empirical correlation 2, according to the Lambert-Beer law, obtained is: 
𝑦  1.41701𝑥 0.00209       ( 2 )  
 
Where y is the absorbance of the diluted standards at 800 nm and x is the soot content. 
Following that, employing the expression presented before (2), it is possible to obtain the soot in 
oil content for the dilted soot in oil standards. 
[Figure 7 here] 
In order to verify that the FTIR spectroscopy is able to quantify the different diluted standards 
before, all of them are measured by FTIR spectrophotometer according to the ASTM D7844. Soot 
in oil content of each of the diluted standards was obtained according to the dilution factor and the 
nominal value provided by LGC Standards (see equation 1) and later, this value is compared 
against the measured value (an average of triplicate analysis of each diluted standard). The results 
obtained through this procedure are presented in Table 3: 




In Table 3, the final column shows the absolute percentage of differences, which are calculated 
employing the mathematical expression 3: 
 
𝑃𝑒𝑟𝑐𝑒𝑛.  𝑑𝑖𝑓𝑓 %  
 .
 .
∗ 100     ( 3 )  
 
Considering the results obtained, FTIR spectroscopy is useful to analyse engine oil samples with 
soot content between 0.100-2.000% w/w. Outside this range, FTIR spectroscopy seems not to be 
a reliable technique, the results provided by this technique for small concentrations (<0.050% w/w) 
and higher concentration than 2.000% w/w were far from the expected value. 
Real samples 
Focusing on the first part of Table 3, if it is necessary to know the soot content for samples whose 
mileage is low (and consequently also soot concentration), the UV-Vis spectroscopy has enough 
resolution to measure this concentration. 
This kind of samples is analysed following the same procedure employed for the soot in oil diluted 
standards. Because there were samples of different types of engine oil: Oil A (5W30), Oil B 
(5W30) and Oil C (10W40), the samples have been distributed in groups (see Figure 8).  
[Figure 8 near here] 
As can be observed in Figure 8, the samples present saturated bands in the region of 200 - 600 nm 
(according to own opacity that blocks the light to the detector). This effect can produce some errors 
when using the empirical correlation 2. 
To minimize the starvation effect in the soot in oil quantification, samples were diluted by the 
addition of the equivalent mass of its corresponding fresh engine oil (as presented in Table 4). The 




[Table 4 here] 
If it is compared the soot concentration (column number 2) obtained by FTIR, with the value 
obtained with UV-Vis spectroscopy (column number 4), the relation between both signals is good. 
Although it has been necessary to exclude sample 1_Oil_B (1_Oil_B, 1D_Oil_B and 2D_Oil_B) 
of this statement because the FTIR measures are not very reliable due to the soot content in all of 
them is below <0.050%w/w. In Figure 9, the response of the UV-Vis versus the FTIR has been 
represented. 
[Figure 9 near here] 
The graph allows checking that when concentrations are higher than ~0.500% w/w of soot in mass 
in engine oil, the empirical correlation 2 presents some limitations. But, if it takes into 
consideration that when the absorbance at 800 nm approaches to 1 a.u. (see Figure 10), the 
Lambert-Beer law cannot be fully applied since other contributions begin to appear meaning that 
the absorbance-concentration relationship will be not entirely linear. This is a requirement that is 
necessary to know for the applicability of the Lambert-Beer law. That is the reason why in Figure 
9 a green dotted line appears to separate the samples that obey the Lambert-Beer law (left zone) 
and the samples that do not (right zone). 
Now, using the samples that are in the left zone of Figure 9 and its dilutions, it is possible to 
measure their UV-Vis spectra with the security of not transgressing any of the requirements to 
apply the Lambert-Beer law. In Figure 10 all spectres of the samples with its corresponding 
dilutions are gathered. 




The observed performance indicates that as long as none of the conditions of the Lambert-Beer 
law is violated, UV-Vis spectroscopy is able to provide similar values to FTIR spectroscopy. 
Low mileage samples 
Last but not least, main objective of this study is to check the applicability of UV-Vis spectroscopy 
as a technique capable of providing a reliable response of soot concentration when that 
concentration is very low (<0.500% w/w). Attending that, a sampling of low usage engine oils was 
carried out (see Figure 11). That samples has been taken from a diesel engine on a test bench, 
working on defined perameters of engine speed and engine load in order to assure a constant soot 
ratio generation.  
[Figure 11 near here] 
When these kinds of samples were measured by UV-Vis spectroscopy, measured at a 1/135 
dilution ratio, none of them presented saturation spectrum problems. Thus, this is a justification 
that the sample preparation protocol is valid and useful. Moreover, there is a linear correlation 
between mileage (in minutes) and absorbance (at 800 nm) of engine oil samples (Table 5). 
[Table 5 near here] 
When measuring the same samples with FTIR, due to its low concentration in soot, the device is 
not able to perform a reliable measurement. 
DISCUSSION AND CONCLUSIONS 
According to the results, the proposed alternative method based on UV-Vis spectroscopy is a 
potential technique to be applied for low soot in oil concentrations quantifying. Results obtained 




in the engine oil is lower than 0.500% w/w. Consequently, this is an alternative to FTIR 
spectroscopy to quantify these low concentrations attending that in this range FTIR is not reliable 
and accurate. 
This study has enabled to know the applicability of different techniques for quantifying soot in oil 
depending on expected soot concentration. In this way one gets to know which of the techniques: 
UV-Vis (below 0.500% w/w), FTIR (from 0.500% w/w to 2.000% w/w) and TGA (higher than 
2.000% w/w) are the best options according to the characteristics of the engine oil samples. 
Furthermore, the ability of UV-Vis spectroscopy employing this model of work for detecting small 
soot content variations on engine oil, allows a significant reduction of engine bench test costs (time 
reduction) and an easy soot generation rate calculus. 
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NOMENCLATURE 
List of Symbols  
ICE Internal combustion engines 
EGR Exhaust Gases Recirculation 
DPF Diesel Particulate Filter 
GDF Gasoline Particulate Filter 
SCR Selective Catalyst Reduction 
CI Compression-ignition 
DI Direct injection 
TGA Thermogravimetric analysis 
FTIR Fourier-transform infra-red spectroscopy 
UV-Vis Ultraviolet-Visible spectroscopy 
UHC Unburned hydrocarbons 
KV Kinematic Viscosity 
IR Infra-red 










TABLES AND FIGURES 
 
Feature type Value or property 
Lamp Deuterium (D) and Tungsten Halogen (WI) 
Beam Double-beam 
Spectral range (nm) 1400-190 
Scan (nm/min) 400 
Cuvette material Quartz 
Path length (mm) 10 
Table 1: Main features of the UV-Vis spectrophotometer and its cuvettes. 











Std_Blank Standard 0.000 - 0.000 TGA 
Std_0.025 Standard 1.200 48 0.025 TGA 
Std_0.050 Standard 1.200 24 0.050 TGA 
Std_0.100 Standard 1.200 12 0.100 TGA 
Std_0.150 Standard 1.200 8 0.150 TGA 
Std_0.200 Standard 1.200 6 0.200 TGA 
Std_0.240 Standard 1.200 5 0.240 TGA 
Std_0.388 Standard 3.100 8 0.388 TGA 
Std_0.564 Standard 3.100 5.5 0.564 TGA 
Std_0.775 Standard 3.100 4 0.775 TGA 
Std_1.086 Standard 7.600 7 1.086 TGA 
Std_1.200 Standard 1.200 1 1.200 TGA 
Std_1.347 Standard 10.100 7.5 1.347 TGA 
Std_1.520 Standard 7.600 5 1.520 TGA 
Std_1.683 Standard 10.100 6 1.683 TGA 
Std_1.855 Standard 5.100 2.75 1.855 TGA 
Std_2.020 Standard 10.100 5 2.020 TGA 
Std_2.267 Standard 5.100 2.25 2.267 TGA 
Std_2.533 Standard 7.600 3 2.533 TGA 
Std_2.914 Standard 5.100 1.75 2.914 TGA 
Std_3.100 Standard 3.100 1 3.100 TGA 
1_Oil_B Real samples 0.054 1 0.054 FTIR 
2_Oil_A Real samples 0.199 1 0.199 FTIR
3_Oil_A Real samples 0.302 1 0.302 FTIR
4_Oil_B Real samples 0.406 1 0.406 FTIR
5_Oil_C Real samples 0.473 1 0.473 FTIR
6_Oil_C Real samples 0.607 1 0.607 FTIR
7_Oil_C Real samples 0.700 1 0.700 FTIR
8_Oil_A Real samples 0.873 1 0.873 FTIR




10_Oil_C Real samples 1.263 1 1.263 FTIR
1D_Oil_B Diluted real samples 0.054 4 0.018 FTIR 
2D_Oil_B Diluted real samples 0.054 2 0.027 FTIR 
3D_Oil_A Diluted real samples 0.199 4 0.066 FTIR 
4D_Oil_A Diluted real samples 0.199 2 0.099 FTIR 
5D_Oil_A Diluted real samples 0.302 4 0.101 FTIR 
6D_Oil_B Diluted real samples 0.406 4 0.135 FTIR 
7D_Oil_A Diluted real samples 0.302 2 0.151 FTIR 
8D_Oil_C Diluted real samples 0.473 4 0.158 FTIR 
9D_Oil_C Diluted real samples 0.607 4 0.202 FTIR 
10D_Oil_B Diluted real samples 0.406 2 0.203 FTIR 
11D_Oil_C Diluted real samples 0.700 4 0.233 FTIR 
12D_Oil_B Diluted real samples 0.473 2 0.236 FTIR 
13D_Oil_A Diluted real samples 0.873 4 0.291 FTIR 
14D_Oil_C Diluted real samples 0.607 2 0.303 FTIR 
15D_Oil_B Diluted real samples 1.000 4 0.333 FTIR 
16D_Oil_C Diluted real samples 0.700 2 0.350 FTIR 
17D_Oil_C Diluted real samples 1.263 4 0.421 FTIR 
18D_Oil_A Diluted real samples 0.873 2 0.436 FTIR 
19D_Oil_B Diluted real samples 1.000 2 0.500 FTIR 
20D_Oil_C Diluted real samples 1.263 2 0.631 FTIR 
Table 2: Set of samples. The first group is the standards that were employed to obtain the 
empirical correlation. The next set comprises samples from diesel engine oil, and the last one 






FTIR test Abs. 
Percentage 
difference (%) Rep. 1 Rep. 2 Rep. 3 Average 
Std_Blank 0.000 0.031 0.038 0.027 0.032 - 
Std_0.025 0.025 0.051 0.042 0.061 0.051 105 
Std_0.050 0.050 0.053 0.080 0.072 0.068 37 
Std_0.100 0.100 0.101 0.106 0.121 0.109 9 
Std_0.150 0.150 0.148 0.156 0.192 0.165 10 
Std_0.200 0.200 0.200 0.214 0.221 0.212 6 
Std_0.240 0.240 0.275 0.262 0.215 0.251 4 
Std_0.388 0.388 0.413 0.431 0.421 0.422 9 
Std_0.564 0.564 0.590 0.578 0.607 0.592 5 
Std_0.775 0.775 0.764 0.730 0.796 0.763 2 
Std_1.086 1.086 1.219 1.143 1.160 1.174 8 
Std_1.200 1.200 1.199 1.216 1.206 1.207 1 
Std_1.347 1.347 1.590 1.549 1.521 1.553 15 
Std_1.520 1.520 1.565 1.571 1.545 1.560 3 
Std_1.683 1.683 1.728 1.715 1.700 1.714 2 
Std_1.855 1.855 1.659 1.700 1.652 1.670 10 




Std_2.267 2.267 1.960 1.897 1.937 2.034 15 
Std_2.533 2.533 1.905 1.893 1.929 2.125 25 
Std_2.914 2.914 2.250 2.281 2.277 2.491 22 
Table 3: Standards measured by FTIR to obtain the difference between TGA and FTIR 
measurements. Std_3.100 does not appear in this table because it could not be measured by 
FTIR. 
Sample ID Usage (min) Abs.@800nm (a.u.) Calc. soot conc. (% w/w) 
1 0 0.001(3) 0.002(4) 
2 15 0.001(6) 0.002(6) 
3 30 0.002(0) 0.002(9) 
4 45 0.002(4) 0.003(1) 
5 60 0.002(7) 0.003(4) 
6 240 0.005(6) 0.005(5) 
Table 4: Soot in oil concentration calculated by empirical correlation. 
 
 
Sample ID Usage (minutes) 











Figure 2: Tests to study the importance of the dilution ratio in the signal recorded in the 
spectrophotometer. In this tests, it has been employed fresh engine oil diluted with kerosene at 






Figure 3: UV-Vis spectra of the different elements that can appear in the engine oil. With these 
results, it is possible to obtain the response of each of them and determinate the spectral window 






Figure 4: UV-Vis spectra of original soot in oil standards. These results are obtained measuring 
the standards in 1/135 dilution ratio. The soot content in these standards provokes saturation of 






Figure 5: UV-Vis spectra of diluted original soot in oil standards. All of these are prepared 







Figure 6: Selection of UV-Vis spectra of diluted soot in oil standards. These six standards do not 
saturate the sensor of the spectrophotometer. Consequently, it is possible to use them to generate 












Figure 8: UV-Vis spectra of diesel engine oil samples. All these samples were prepared at a 






Figure 9: UV-Vis response against FTIR. The value of soot concentration by FTIR was obtained 







Figure 10: UV-Vis of diluted real samples from diesel engine oil prepared at a 1/135 diluted 
ratio. The diluted samples are done to reduce its soot concentration to allow to follow the 






Figure 11: UV-Vis of low mileage diesel engine oil samples. This plot shows that all spectra are 
very similar but at 800 nm the absorbance value of each sample is different. Employing the 
absorbance value at 800 nm and the empirical correlation 2 it is possible to obtain the soot 
content of each one. 
